℃ .0 h. Under the optimal conditions, the maximal absorption rate got 93.15%.
Introduction
With the development of acrylic manufacturing technology and increasing amount of dyeing wastewater emissions, the waster water had been the main pollution sources in China. The traditional dye wastewater treatment method including sedimentation, oxidation, flocculating, film separation and active carbon adsorption , etc [1] , but these techniques had not been widely applied for the high cost or low efficiency. Biological adsorption method had been concerned for the advantages of simple operation, low cost and non-secondary pollution, etc [2] [3] [4] .
Pomelo peel is a waste of agricultural processing. It is produced in large quantities yet lacks effective utilization.In this work, the waste pomelo peel has been modified through physical and chemical methods to generate suitable biosorption material.As a typical representative of cationic dye used in acrylic material, adsorption conditions of the neutral red was studied by modified pomelo peel.The effective parameters such as pH, contact time,adsorbent quantity, adsorbent temperature, particle size, and initial concentration of adsorbate on the adsorption rate were optimized in order to maximize the removal of neutral red and provides a theoretical basis for the potential utilization of the waste pomelo peel in purifying wastewater containing low concentration neutral red .
Material and Methods

Reagents and instruments
Preparation of modified pomelo peels biosorbent: The pomelo peel was purchased from the Hangzhou farmer's market, washed with tap water and dried at 60 °C to constant weight,then broiled in acid-base solution with different concentration for 2 h. The resulting solid was filtered and washed with plenty of water until neutral, then dried at 50 °C to constant weight. Then the pomelo peels biosorbent were crushed using a universal grinder and sieved (60-80 mesh), and the resulting particles were stored in a desiccator until use.
Reagents:The Neutral red used in the experiment was a kind a cationic dye, with the molecular formula of C 15 H 16 N 4 ·HCl and molecular weight of 288.8,named "3-7-a amino amino-2-"methyl diazoxide hydrochloride", the maximal adsorption wavelength λ max was of 530 nm. The dye were dried at 80 °C to a constant weight and prepared for 500 mg·L -1 and diluted to suitable concentrations for utilization.All reagents were of analytic grade.Distilled water was used in the experiment.
Instruments:7220 spectrophotometer (Shanghai Precision Instrument Co., Ltd.),electronic balance (FA1004N), pHS-3B precision pH meter (Guangzhou Xinying Electrical Co., Ltd.), high-speed refrigerated centrifuge (GL-20G-), HX Ⅱ -200 universal grinder (Hangzhou Sansi Instruments Co., Ltd.),SHA-B water bath thermostat oscillator (Shanghai Yuejin Medical Instrument Factory).
Adsorption rate Determination
A series of 100 mL neutral red dye solution were placed in 250 mL conical flask and adjusted the pH to scheduled value with 0.1 mol·L -1 L HCl or acetic acid, then added the modified pomelo peel, the bottles were settled in constant warm water shaker and shaken for a scheduled time, then the cake and solution were separated by a filter, the solution were centrifuged at 5000 r·min -1 to separated the particles, then the supernatant adsorption were measured at 530 nm with 7220 spectrometer. The concentration were calculated by a standard curve equation. The adsorption rate (P) were calculated by the following equation: P %=100* (C 0 -C e ) / C 0 (1) In which, the C 0 was the initial dye concentration (mg·L -1 ) and the C e was the dye concentration (mg·L -1 ) at equivalent state.
Orthogonal experiment optimization of adsorption conditions
Because the orthogonal test design less test times, high efficiency, simple calculation and other advantages,its has been widely applied in many research fields of medical, industrial production etc [5] [6] .Adsorption experiment optimization including pH value, adsorption time,adsorbent quantity,adsorption temperature,initial concentration choice, for which several factors are parallel single factor experiment, study their influence on adsorption.
100 mL of the neutral red solution were shaken at 150 r·min Table  1 .Results were disposed by the intuitive analysis and variance analysis, significant test of neutral red adsorption factor by Duncan [5] . Table 1 
The test results of orthogonal experiment
Based on the results of single factors experiments, the adsorption experiments were carried out by orthogonal experiment design according to Table 2 .
The intuitive analysis
From Table 2 can be seen, the effect of pH value on the rate of adsorption was the maximum.The range of data R was visible, the effect order of various factors on the adsorption: pH value>adsorption time >adsorbent quantity , the optimum adsorption conditions were: A 3 B 3 C 3 , namely pH value was 5.0, adsorption time was 1.5 h, adsorbent quantity was 4 g·L 1 . The result of orthogonal experiment is consistent with the single factor experiment. 
The analysis of variance
We can see from Table 3 ,pH value was significant influencing factor, the other factor is not significant factor.Its could consider to determine, as determined by the Duncan method after checking back. The Duncan analysis [5] First were found between the level of various factors r 0.05, r 0.05 (r 0.05 =6.09,r 0.01 =14), then calculate the value of R k (standard error is 0.657, the R k = standard error *r ). According to the calculation results,it was compared for each factor level significantly.From Table 4 can be seen, every factors had significant differences.The adsorption quantity was significantly at 3.0 g·L only,the pH value of 3.0 and the adsorbent time 0.5 h were significantly to the other, respective. Considering the use of energy and resources, comprehensive analysis to determine the optimal adsorption conditions of neutral red was A 3 B 2 C 2 . 
The optimal process validation
Under the optimal adsorption conditions, repeated for 3 times,the adsorption rate were: 93.24%,93.06%,93.15%, the average of adsorption rate was 93.15%, RSD=1.78% (n=3). It was the same basically to result of orthogonal experiment.
Conclusion
The waste pomelo peel modified with 0.1 mol·L 1 acetic acid was the best.The results of orthogonal experiment showed that the pH value was significant influencing factor on neutral red adsorption rate. The optimal processing conditions were as follows: pH value 5.0, adsorbent quantity 3.0 g·L . Under the optimal conditions, the average of adsorption rate was 93.15%.The pomelo peel is a promising, cheap, efficient, new biological materials of adsorption for neutral red in wastewater.
